Intracellular membrane trafficking plays an essential role in the biogenesis and maintenance of myelin. Members of the Rab protein family are important components of the systems that regulate intracellular vesicle transport. We examine the function of rRab22b, a novel rat Rab protein cloned from an oligodendrocyte cDNA library, by visualizing and identifying in living Hela cells the organelles that contain rRab22b. Our results show that rRab22b is present in the trans Golgi/TGN and endocytic compartments. Trafficking of membranes from trans Golgi to endocytic compartments takes place via small tubulo vesicular organelles containing rRab22b. The formation of vesicles in the trans Golgi also appears to be regulated by rRab22b. Additionally, our results suggest that rRab22b controls the transport of vesicles from the trans Golgi to endocytic compartments that localize in oligodendrocyte processes. That rRab22b is involved in the transport of certain proteins from trans Golgi to myelin is suggested by the evidence that certain proteins being targeted to the plasma membrane are first transported from trans Golgi to endocytic compartments.
Myelin is a multilamellar structure that surrounds axon segments and is essential for saltatory conduction of the electrical impulse along the axon. In the central nervous tissue (CNS), myelin arises from cellular processes that extend from the oligodendrocyte perikaryon and wrap in a spiral fashion around segments of the axon. Myelin is not formed as a unit; individual components are synthesized in different cellular compartments, sorted out and transported to the site of myelin formation by several different mechanisms (Benjamins and Smith, 1984; Morel et al., 1994) . Myelin basic protein (MBP) is synthesized close to the site of myelin assembly (Colman et al., 1982; Barbarese et al., 1995) . In contrast, the proteolipid protein (PLP) and both isoform, large and small, of myelin associated glycoprotein (MAGs) are synthesized in the endoplasmic reticulum, then transported via vesicles to the Golgi and finally from the Golgi to myelin (Townsend and Benjamins, 1983; Trapp et al., 1989) . Similarly, evidence suggests that certain myelin lipids such as sulfatides are synthesized in the Golgi and then transported to myelin via membranous vesicles (Townsend et al., 1984; Sato et al., 1986) . In eukaryotic cells, vesicle transport is regulated by control of vesicle budding and fusion (Nuoffer and Balch, 1994; Rothman and Wieland, 1996) . Additionally, movement along microtubules and microfilaments of the cytoskeleton (Cole and Lippincott-Schwartz, 1995) facilitates the transport of vesicles. Despite much knowledge of the biochemistry and cell biology of oligodendrocytes, the signaling systems that regulate intracellular membrane trafficking and its coordination with changes in cell shape remain largely unknown. Rab proteins are key components in mechanisms that regulate intracellular membrane trafficking. Each member of this family of proteins is specifically localized to a particular membrane trafficking pathway. Their functions depend on their ability to alternate between two conformational states, inactive (GDPbound) and active (GTP-bound) (Bourne et al., 1990 ) and also on their capacity to associate reversibly with specific membrane compartments (Ossig et al., 1995) .
In the present study, we identify membrane transport processes regulated by rRab22b, a novel Rab protein cloned from rat oligodendrocyte cultures. The role of rRab22b in the regulation of transport vesicles containing this protein was assessed. We examined living cells using a chimeric protein of rRab22b with EYFP (a variant of the green fluorescent protein). rRab22b-EYFP was transiently expressed in Hela cells and rat oligodendrocytes and organelles containing rRab22b were visualized by fluorescent microscopy. Their morphologic changes and movements were observed in Hela cells imaging over short time periods to visualize the budding of vesicles from the donor compartment and vesicle fusion in the acceptor compartment. Organelles were visualized containing both rRab22b-EYFP and other intracellular markers tagged with ECFP including Rab8 (trans Golgi network), pECFP-Golgi (trans-Golgi), Rab5b (early endosomes), and Rab7 (late endosomes).
Our observations show the presence of rRab22b in trans Golgi/TGN, in early endosomes and in late endosomes. The traffic of membranes between trans Golgi/ TGN and endocytic compartments occurs via small tubular vesicles traveling along microtubules. Our results also suggest that rRab22b synchronizes the trafficking of membranes from the trans Golgi to endocytic compartments regulating vesicle formation in the trans Golgi.
EXPERIMENTAL PROCEDURES Library Screening
The cDNA oligodendrocyte library was plated out on a culture of XL1-Blue cells at a density of 5 ϫ 10 4 plaque forming units per Petri dish (150 mm-diameter). Plaque lifts were performed in duplicate using nitrocellulose filters (Maniatis et al., 1989) . The nitrocellulose filters were probed, under conditions of high stringency (Wallace et al., 1981) with 32 P-labeled PCR-generated probes. Briefly, the nitrocellulose filters containing immobilized DNA were preincubated in 50% deionized formamide, 50 mM Na 2 HPO 4 , pH 7.4, 750 mM NaCl, 1 mM EDTA, 5ϫ Denhardt's (1ϫ Denhardt's is 0.2 g/l polyvinylpyrrolidone, 0.2 g/l bovine serum albumin, 0.2 g/l Ficoll 400), 0.1% SDS, 100 g/ml poly(A), and 100 g/ml heatdenatured salmon sperm DNA at 42°C for 1 hr, and then further incubated in the above solution with 1-2 ϫ 10 6 cpm/ml of PCR-constructed probe for 12-16 hr at 42°C. Filters were washed twice at 22°C in 2ϫ SSC (SSC ϭ 15 mM NaCitrate, pH 7.00, 150 mM NaCl), 0.1% SDS at 50°C. To reveal the positive clones the washed filters were exposed to XAR film with an intensifying screen at Ϫ70°C for 12-16 hr. Positive clones were purified by additional rounds of plating and hybridization as described above. The sequence of the insert of interest was performed in the DNA Sequencing Facility at Einstein using the ABI Prism™ dye terminator kit with AmpliTaq DNA polymerase.
Northern Blot Analysis
A multiple-tissue mRNA blot, loaded with approximately 2 g of poly Aϩ RNA from different rat tissues (Clontech), was prehybridized for 4 hr at 50°C in Express Hybridization Buffer (Clontech) with single-stranded salmon testis DNA (100 g/ml) and sequentially hybridized with 32 P-labeled rRab22b cDNA and a randomprimed probe derived from a 2-kb human b-actin probe for 4 hr at 50°C. The blot was sequentially washed under increasingly stringent conditions. The final wash was 30 min in 0.1ϫ SSC containing 0.1% SDS at 65°C. The washed membrane was expose to Biomax film from 10 -60 hr at Ϫ70°C. Similar procedure was used to detect rRab22b mRNA in blot containing 10 g of total RNA from different primary cell cultures of neural cells. Total RNA was isolated as described (Burcelin et al., 1997) .
DNA Construct
The pEYFP-C1 vector (Clontech) was used to construct the rRab22b gene with the N terminal tagged with EYFP.
The rRab22b coding region was amplified by PCR from the lambda gt11 phage containing the rRab22b cDNA using a 5Ј primer containing a Xhol restriction endonuclease site and the first 20 nucleotides of the rRab22b coding region, and a 3Ј primer containing a BamHI restriction endonuclease site and nucleotides complementary to the last 20 nucleotides of the rRab22b coding sequence, including the stop codon. The PCR was carried out as described (Burcelin et al., 1997) . The PCR products were purified by agarose gel electrophoresis, and subcloned into pGEMT vector. The rRab22b cDNA was sequenced to determine the fidelity of the PCR amplification. Then the pGEMT plasmid containing rRab22b coding region was treated with Xhol and BamHI endonucleases. The rRab22b cDNA was purified and ligated into the Xhol and BamHI sites of the pEYFP-C1 mammalian expression vector.
Similar procedures were used for the construction of Rab5, 7, and 8 chimeras with ECFP. In these cases the sequences of the coding region were synthesized by RT-PCR. Rat brain mRNA (Clontech) was converted into complementary DNA using MMLV-RT and poly dT as primer. The PCR was carried out with primers directed to the N and C terminal regions of the coding sequences containing Xhol and BamHI endonuclease restriction sites. rRab22b site-directed mutagenesis was carried out according to the method of Ho et al. (1989) .
Primary Cell Cultures
Primary astrocytes, microglia, oligodendrocyte progenitors, and oligodendrocyte cultures for isolation of total RNA, were established from newborn rat cerebral hemispheres as described by McCarthy and de Vellis (1980) with minor modifications (Burcelin et al., 1997) .
Oligodendrocytes isolated from rat cerebral hemispheres from 12-day-old rats, as described previously (Berti Mattera et al., 1984) , were used to express rRab22b-EYFP. Isolated oligodendrocytes were plated on chambered coverglasses coated with Matrigel (Collaborative Biomedical Products, New Bedford, MA) at a density of 5 ϫ 10 4 cells (15 mm coverglasses) and maintained in defined serum-free medium consisting of a DMEM-F12 mixture (1:1), 10 mM HEPES, 0.1% bovine serum albu-min (BSA), 25 g/ml human transferrin, 30 nM selenium, 20 nM hydrocortisone, 20 nM progesterone, 10 nM biotin, 5 g/ml insulin, 16 g/ml putrescine, 30 nM triiodothyronine and Gibco's mixture of trace elements. Oligodendrocytes were cultured for 3 days before gene transfer, and were maintained in cultures for 24 -72 hr before analysis of chimera expression by fluorescence microscopy.
Hela Cell Cultures
Hela cells (Epitheloid carcinoma, cervix, human, American Type Culture Collection) were maintained in MEM supplemented with 10% FCS, 1% essential amino acids, 2 mM glutamine, 100 U/ml penicillin and 100 g/ml streptomycin at 37°C in a 5% CO 2 incubator.
For the realization of the transfection experiments Hela cells were plated on 15 mm coverglasses at a density 0.4 -1.6 ϫ 10 5 cells for 24 hr before transfection.
Transfection
Hela cells were transfected using SuperFect transfection reagent (Qiagen) according to the manufacturer's indications. Briefly, cultures were treated with 1.2 ml of growth media containing the DNA-SuperFect complex (3 g DNA/37.5 g SuperFect) at 37°C for 60 min.
Oligodendrocytes were transfected using Lipofectamine Plus (GIBCO BRL, Gaithersburg, MD), according to the instructions of the manufacturer. Oligodendrocytes were treated with 1.2 ml culture media containing 2.5 g of DNA, 12.5 g of lipofectamine and 10 l of Plus reagent at 37°C for 3-6 hr.
Fluorescence Microscopy Analysis of Living Cells
Cells were imaged in culture medium without phenol red at 37°C using an Olympus Iϫ70 microscope with a 60ϫ Olympus Planapo oil immersion objective NA 1.4 and equipped with a CCD camera (Photometrics KAF 1400 PXL liquid cooled). Cells expressing ECFP chimeras were excited using the 436 Ϯ 20 filter (Chroma Technology) and imaged with a filter 480 Ϯ 40 (Chroma Technology). The exciter filter 500 Ϯ 20 and emitter filter 535 Ϯ 30 (Chroma Technology) were used to visualize EYFP chimeras. Temperature was controlled with a Nevtek air stream stage incubator (Burnsville, VA). Images from the CCD camera were digitized and collected directly to RAM with an Apple Power Macintosh 8500. Image capturing, processing, and automatic and manual data acquisition was performed using I.P. Lab Spectrum software.
RESULTS

Cloning of rRab22b cDNA
In a previous study using RT-PCR we identified a cDNA fragment, Rab0, as a novel Rab sequence expressed in rat oligodendrocytes (Burcelin et al., 1997) . Because the Rab0 sequence has high identity to human Rab22b we are redesignating Rab0 as rat Rab22b (rRab22b).
The complete sequence of rRab22b was obtained by screening a rat oligodendrocyte gt11 cDNA library obtained from Dr. A. Campagnoni (Baba et al., 1995) . The clones of interest were detected by probing the cDNA library with a radioactive rRab22b cDNA fragment. The cDNA fragment, used as probe, was labeled with [ 32 P]dCTP by PCR using specific primers targeted to the 5Ј and 3Ј terminals of a 180 bp Rab fragment, and the nitrocellulose filters were hybridized overnight at 42°C. Positive plaques were purified by a second round of screening. Two positive clones were found among the 0.5 ϫ 10 6 plaques screened, and these were plaquepurified. Both phages contained inserts of approximately 3,600 bases (results not shown). The inserts were sequenced and the sequences analyzed with University of Wisconsin GCG programs.
The cDNA sequence of rRab22b revealed an open reading frame of 582 bp and the deduced amino acid sequence indicated a protein containing 194 amino acids (GenBank accession number AF254800) (Fig. 1a,b ) with a molecular weight of 21.6 kDa and an isoelectric point of 7.05.
The deduced amino acid sequence of rRab22b contains both the four motifs that participate in the formation of the GTP-binding site in the superfamily of Ras-like proteins and the domain required for effector protein interaction (Fig. 1b) . Analysis of the effector domain indicated that rRab22b is a member of the Rab family of GTP-binding proteins. The carboxyl terminal region contains an isoprenylation motif, suggesting a protein that is targeted to membrane compartments (Fig. 1b) . A comparison of the rRab22b sequence with a closely related Rab cDNA (human Rab 22b (Chen et al., 1996) ) showed 88% identity; the predicted amino acid sequence had 94% identity. These results suggest that rRab22b encodes the rat homolog of human Rab22b. In view of the fact that a segment of the C terminal domain shows 9 differences among the 14 residues, however, one must consider that rRab22b may very well encode a new member of the Rab family. This segment is part of the motif responsible for the targeting of Rab proteins to specific membrane compartments .
Analysis of Rat Rab22b Expression
Expression of rRab22b mRNAs was analyzed by Northern blots. Nylon membranes containing mRNA from several rat tissues were probed with [ 32 P] dCTP labeled rRab22b cDNA. A band of approximately 3,600 bp had the highest level of expression in brain, followed in decreasing order by heart, testis, kidney, lung, and spleen ( Fig. 2a) . None was detected in either liver or skeletal muscle.
Rat Rab22b mRNA expression was assessed in primary cultures of oligodendrocytes, oligodendrocyte progenitors, microglia and astrocytes by probing total RNA with labeled rRab22b cDNA (Fig. 2c ). Oligodendrocytes showed a strong band of 3,600 bp and a weaker band in oligodendrocyte progenitors, microglia, and astrocytes. That these differences in rRab22b mRNAs were not due rRab22b in Vesicle Transportto RNA degradation was established by the similarity in ␤ actin mRNAs from tissue and cell culture samples (Fig.  2b,d ).
Visualization of Organelles Containing rRab22b
To identify the vesicle transport process regulated by rRab22b we studied its localization in intracellular vesicles. First we tagged rRab22b at the N-terminal by constructing a chimera protein of rRab22b with EYFP (a yellow variant of green fluorescent protein) and then we expressed the chimeric protein in Hela cells. With the tagged protein we could visualize in living cells the organelles containing rRab22b. This method avoided limitations inherent in staining with polyclonal antibodies, such as the low concentration of antigens and cross reactivity with undefined but closely related proteins. rRab22b tagged with EYFP was first transiently expressed in Hela cells and its intracellular localization analyzed by fluorescence microscopy. Hela cells were used because: 1) Hela cell cultures are easily maintained; 2) Hela cells efficiently express fusion proteins; and 3) the large size of Hela cells facilitates visualization and analysis of the movement of organelles containing proteins of interest. Expression of oligodendrocyte proteins in other types of cells have been used by several laboratories to study the transport or function of oligodendrocyte proteins (Filbin et al., 1990; Gow and Lazzarini, 1996; Pedraza et al., 1997) .
Transfection of the rRab22b-EYFP chimera did not increase the number of dead cells, nor was there any change in cell shape. Approximately 35% of the cells expressed the chimera protein and expression was maintained for at least 7 days.
We found that the rRab22b-EYFP chimera localized mainly in large asymmetrical vesicular structures close to the nucleus (Fig. 3a,c) . Spherical vesicles of various sizes were dispersed throughout the cytoplasm including areas close to the plasma membrane (Fig. 3b,c) . Large tubular structures containing rRab22b-EYFP appeared to extend from the center of the cell toward the periphery (Fig. 3a) . Analysis of their distribution in consecutive focal planes indicates that some of these tubular formations originated in large asymmetric vesicles close to the nucleus (Fig.  3e-i) . The chimera protein was also detected in small tubular structures (1-6 m) dispersed in different regions of the cytoplasm and in the cytosol (Fig. 3b) . The localization pattern was independent of the expression level of rRab22b-EYFP, estimated by measuring fluorescence intensity (results not shown). Control experiments using unconjugated EYFP showed no localization in any sub- cellular structures. There was an even distribution of fluorescence throughout the cell including the nucleus. This observation indicates that rRab22b-EYFP chimera protein is targeted to specific structures.
Movement and Plastic Changes of Organelles Containing rRab22b
The dynamics of organelles containing rRab22b were studied to visualize the transport processes regulated by rRab22b. Intracellular traffic of membranes takes place via vesicles that bud from the donor compartment and then target selectively to the acceptor compartment (Nuoffer and Balch, 1994; Rothman and Wieland, 1996) . Travel between compartments occurs along elements of the cytoskeleton (Nuoffer and Balch, 1994) .
Movement and changes in the morphology of organelles containing rRab22b-EYFP were examined in digital time lapse images of chimera-expressing HELA cells. Analysis of time lapse images captured at 15-sec intervals showed that the large asymmetrical fluorescent structures close to the nucleus did not appear to move consistently in a single direction (Fig. 4) . We observed large tubular structures extending, up to 25 m, from the cell center to the periphery (Fig. 4a,b) . Some seemed to come from asymmetrical vesicles localized close to the nucleus (Fig. 4b) . These tubular structures appeared to be flexible, to undulate while extending and to bend while changing direction of movement. Sometimes, these structures appeared to interact with vesicular organelles present in the cell periphery (Fig. 4a) .
Our results indicate that the asymmetrical vesicles and the larger tubular organelles localized close to the nucleus are the donor compartments. Indeed, we observed budding of small tubular vesicles from these structures (Fig. 5a,b) . The small tubular vesicles containing rRab22b had kinetic and plastic properties similar to those associated with post Golgi carriers (Hirschberg et al., 1998) . These small organelles moved intermittently along either straight or curvilinear tracks toward the cell periphery (approximately 0.2-0.6 m/sec), and they frequently changed direction. Some contained swollen or spherical areas along their length (Fig. 6a,b) . The spherical areas were not stationary, and their content of rRab22b was higher than in other parts of the formation. Small tubular organelles underwent drastic shape changes, e.g., rounding into spherical shapes that would then become elongated in the direction of movement (Fig. 6a) . They also displayed elastic properties, such as extension and retraction during movement. Occasionally, when they broke up, one fragment remained stationary whereas the other moved off (Fig. 6b) . These tubular formations fused with small vesicles. In Figure 6b , a tubular formation has a higher fluorescence in one end whereas a vesicle interacts briefly with the other end. This interaction did not result in vesicle fusion and the vesicle moved away from the formation. Immediately the fluorescence intensity at this end increased and a second interaction between the vesicle and the tubular formation occurred. This time the vesicle did fuse. The new structure then broke into spherical vesicles. 
rRab22b in Vesicle Transport
In some cells, intensive traffic was seen of small tubular vesicles going between the large asymmetrical structures localized close to the nucleus, and a cluster of tubular organelles localized in the cell periphery close to the plasma membrane (Fig. 7a) . The small tubulo vesicular structures moved along defined pathways in both anterograde and retrograde directions. The clusters moved parallel to the plasma membrane, and tubulo vesicular or- ganelles became detached and moved close to the plasma membrane. These observations indicate that: 1) the acceptor compartment is the cluster of organelles localized close to the plasma membrane; and 2) organelles containing rRab22b move along elements of the cytoskeleton.
The treatment of the cells with nocodazole (10 M for 3 min), an inhibitor of microtubule polymerization (Rogalski and Singer, 1984) , disrupted the movement of organelles in the cell periphery (Fig. 7b) . The cluster of tubular formations now was stationary and dispersed, with no movement of vesicles from the cell periphery toward the center. However, some small vesicles moved from the perinuclear area and fused with tubular organelles located in the cell periphery, further supporting the conclusion that these tubular organelles are the acceptor compartment. Additionally, from the data it appears that intact microtubules are required for directed transport of tubular structures containing rRab22b. Because treatment of the cell with 10 M cytochalasin B did not affect the kinetic behavior of organelles containing rRab22b actin microfilaments are not involved (Cooper, 1987) . (Quick-time movies 7c,d).
Identification of Subcellular Compartments Containing rRab22b
To identify the subcellular organelles that contain rRab22b cells were cotransfected with rRab22b-EYFP together with other markers tagged with ECFP (a cyano variant of green fluorescent protein). These included Rab8 (trans Golgi) (Huber et al., 1993) , Rab5b (early endosomes) , Rab7 (late endosomes) (Meresse et al., 1995) and pECFP-Golgi (a chimera constructed with ECFP and an 81 amino acid fragment of the N terminal region of human 1,4 beta galactosyl transferase localizing mainly in the trans-Golgi) (Llopis et al., 1998) (Fig. 8) . Our results and those from other laboratories demonstrated that the tagging of these intracellular markers did not affect their localization (Llopis et al., 1998; Roberts et al., 1999; Bucci et al., 2000; Sonnichsen et al., 2000) . Large asymmetric vesicles containing both rRab22b and Rab8 localized closed to the nucleus (Fig.  8a-c) . Similarly, some large tubular formations extending from the center of the cell to the periphery also contained both proteins, indicating that these structures containing rRab22b are part of the trans Golgi network (TGN). The localization of rRab22b in trans-Golgi is supported by the colocalization of rRab22b-EYFP and pECFP-Golgi (Fig.  8d-f ). rRab22b partially colocalized in small vesicles with Rab5 ( Fig. 8g-i) . Similarly, some vesicles contained both Rab22b and Rab7 (Fig. 8g-l) , suggesting that rRab22b is also present in organelles of the endocytic pathway.
A cluster of tubular organelles located close to areas of the plasma membrane where membrane extensions are formed was identified as early endosomes because these organelles also contained Texas Red-transferrin (after incubation of cells for 5 min with Texas-Red labeled transferrin) (Fig. 8m-o) .
Expression of a rRab22b Mutant (S19N) Tagged With EYFP
Our previous results indicated that rRab22b regulates the transport of vesicles between the trans Golgi and the endocytic compartment. The role of Rab proteins in regulating intracellular transport relies on two properties: 1) the ability to alternate between two conformational states (GDP-bound, active and GTP-bound, inactive), and 2) the capacity to bind to specific membrane compartments, donor compartment, inactive state; acceptor compartment, active state. Dominant negative mutants with altered guanine nucleotide-binding properties inhibit vesicle transport both in vivo and in vitro (Olkkonen and Stenmark, 1997) . Substitution of S by N in the last residue 
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of the first GTP binding motif of Rab1 results in a protein that probably remains in the GDP-bound state, thereby inhibiting transport between ER and Golgi (Nuoffer and Balch, 1994) . When we substituted the 19 S residue by N in the cDNA rRab22b sequence and expressed this mutant (tagged with EYFP) in Hela cells image analysis showed localization mainly in asymmetrical vesicular and tubular compartments close to the nucleus (Fig. 9) . Moreover, no vesicle budding from these organelles was seen (Fig. 9) . The fact that rRab22b mutant co-localized with pECFPGolgi showed that both of these perinuclear compartments are part of the trans-Golgi (Fig. 10) . These results are consistent with the view that rRab22b regulates the transport of vesicles from the trans-Golgi to an endocytic compartment.
Oligodendrocyte Cultures
After 24 hr of transfection of the chimera protein of rRab22b with EYFP in rat oligodendrocyte cultures, up to 2% of oligodendrocytes expressed rRab22b-EYFP, an expression that persisted for the 4 days of the experimental period. Transfection did not produce an increase in the number of dead cells or a change in oligodendrocyte morphology.
Similar to the observations in Hela cells, rRab22b was localized in large asymmetric vesicles close to the nucleus and was also present in organelles in oligodendrocyte processes (Fig. 11) . These results indicate that in oligodendrocytes and their processes as well as in Hela cells rRab22b regulates the transport of vesicles between the trans Golgi and endocytic compartments.
DISCUSSION
We are studying the function of rRab22b in relation to its role in myelin formation. rRab22b is a novel rat Rab protein we detected in a rat cDNA library specific for oligodendrocytes, the cells that produce myelin.
To study rRab22b function we have constructed a fusion protein with EYFP. Because the C terminal of Rab proteins is subject to post-translational isoprenylation, a modification essential for both membrane association and interaction with effector proteins Olkkonen and Stenmark, 1997) , the N terminal was used for tagging. Although the N terminal sequence is important for Rab function (Tisdale and Balch, 1996) , tagging this terminal does not alter function (Bucci et al., 2000; Roberts et al., 1999; Sonnichsen et al., 2000) .
By expressing this fusion protein in living cells we followed both the intracellular localization of rRab22b in vesicles and the movement of these vesicles.
Two properties of rRab22b, GTP-binding and the presence of terminal isoprenylation sites, indicate its probable targeting to membrane compartments. Participation in regulation of membrane traffic from trans Golgi to early endocytic compartments is shown by the following observations obtained with Hela cells: 1) rRab22b was mainly localized in asymmetrical vesicles and large tubular formations in the trans Golgi and TGN; and 2) rRab22b was present in early endocytic compartments in the cell periphery. Moreover, the mutant of rRab22b (N19S) behaved very differently. It localized only in the trans Golgi compartment. This difference in behavior of the mutant N19S also clearly indicates that the distribution pattern of rRab22b in both donor and acceptor compartments does not result from over-expression of the chimera proteins, because the substitution of serine by asparagine in position 19 restricts localization to the donor compartment. Other consider- 
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ations also argue against over-expression as a factor in these localizations. First, the distribution pattern of rRab22b-EYFP was independent of the level of expression. Second, over-expression did not appear to affect localization of Rab5-ECFP and Rab7-ECFP. Third, recent studies showed that over-expression of Rab tagged with GFP did not affect the intracellular localization (Bucci et al., 2000; Roberts et al., 1999; Sonnichsen et al., 2000) .
Our observations indicate that small tubovesicular organelles containing rRab22b that bud from the trans Golgi and fuse with endocytic compartments in the cell periphery are the mechanism of transport of membrane constituents from the trans Golgi to endocytic compartments. These organelles have morphological and kinetic properties similar to those presented by post Golgi carriers (Nakata et al., 1998; Toomre et al., 1999) . These properties are: 1) the presence of spherical areas along their length; 2) the drastic changes in shape that they undergo; 3) their ability to break up or fuse with small vesicles; 4) their movement along tracts towards the cell periphery (at approximately 0.2-0.6 m/sec) with frequent changes in direction; and 5) the involvement of microtubules in their transport.
Because rRab22b was also present in late endosomes, one cannot exclude involvement of this protein in membrane traffic from early to late endosomes. Other Rab proteins are known to participate in more than one step in membrane trafficking (Novick and Zerial, 1997) .
The concentration of rRab22b was higher in some organelle regions where fusion with small tubular formations occurred. Although the functional relation is not clear, a similar observation with a different Rab protein, Rab5a, was reported in the area of contact of fusing endosomes (Roberts et al., 1999) .
In addition to regulation of directional movement, rRab22b appears to be involved in the formation of small vesicles, because expression of the rRab22b mutant (N19S) was not seen in vesicles budding from the trans Golgi. According to previous evidence, Rab proteins participate both in the targeting of vesicles and in the budding of vesicles (Jedd et al., 1997; McLauchlan et al., 1998; Jones et al., 1999) . These results show that rRab22b is not simply that of a passenger, but plays a functional role in transport.
Our results indicate that one mechanism of transport of membrane constituents from the trans Golgi to endosomes involves distinct vesicles. Direct transfer of membrane components from the TGN to other organelles also needs to be considered because large tubular formations of the TGN containing rRab22b extend toward the cell periphery and interact with spherical vesicles there. Both cis and trans cisternae of the Golgi are composed of extensive tubular networks (Sasaki et al., 1984; Jahn, 2000) that can be generated rapidly by Golgi membranes in vivo and in vitro under diverse conditions (Cluett et al., 1993; Banta et al., 1995) . This mediation by tubules of membrane traffic between organelles is more clearly observed in cells treated with brefeldin A (Sciaky et al., 1997) .
In oligodendrocyte cultures we find that: 1) a high level of rRab22b mRNA is present in differentiated oligodendrocytes whereas such expression in their progenitors is very low; 2) rRab22b is present in trans Golgi/TGN vesicles; and 3) rRab22b is present in endosomic organelles in oligodendrocyte processes. These observations, especially the level of rRab22b mRNA suggest that trafficking of membrane components from the trans-Golgi to endocytic compartments regulated by rRab22b is an important step in myelin formation and maintenance. Because rRab22b mRNA is present in other cell types, the step in vesicular traffic that rRab22b regulates is probably not unique to oligodendrocytes.
That certain proteins, such as transferrin receptor and asialoglycoprotein receptor H1, are carried from the trans Golgi to an endocytic compartment before reaching the cell surface (Futter et al., 1995; Leitinger et al., 1995) lends support to the inference that this pathway is involved in myelin formation.
The cytoplasmic tail of these proteins contains the motif YXX, where X is any amino acid and is an amino acid containing a bulky hydrophobic residue. Evidence shows that the YXX motif, originally known for mediating rapid internalization from the cell surface (Bonifacino and Dell'Angelica, 1999) is also now recognized for mediating trans Golgi sorting mechanisms that target proteins to endocytic compartments (Bonifacino and Dell'Angelica, 1999) . The sequence of large MAG shows a segment in its carboxyl terminal region that conforms to the consensus motif YXX, YAEI. This se- Fig. 11 . rRab22b in oligodendrocyte perikaryon and its processes. A-C: Asymmetrical vesicles containing rRab22b localize close to the nucleus (white arrow) and organelles (white arrowhead) are present in oligodendrocyte processes. Images were taken 48 hr after transfection. Scale bar ϭ 10 m.
quence suggests that large MAG is transported from trans Golgi to endocytic compartments, and our results in Hela cells further suggest that this pathway is regulated by rRab22b. Indeed, endocytic compartments containing MAG are observed in oligodendrocyte processes including areas close to the axon where active formation of myelin occurs (Trapp et al., 1989; Bo et al., 1995) .
These conclusions are in accord with the presence of rRab22b in endocytic compartments of oligodendrocyte processes, endocytic compartments that in Hela cells localize close to areas where plasma membrane extensions occur.
rRab22b may also be involved in the biogenesis of endosomes because early endosomes receive newly synthesized proteins that have been sorted in the trans Golgi network before being transported to late endosomes (Peters and von Figure, 1994; Jackson et al., 1995) .
The importance of the rRab22b dependent membrane trafficking to endosomes is particularly relevant because: 1) this compartment is involved in the remodeling of myelin that occurs toward the end of the period of active myelination (Raine, 1984) ; 2) continuous cycles of lamella extension and retraction are observed in oligodendrocyte cultures (Kachar et al., 1986) , cycles that underlie substrate exploration to find and wrap the axon in the myelin sheath (Kachar et al., 1986) ; and 3) proteins that are not essential but are required for assembly need to be eliminated from myelin (Gould et al., 2000) .
Endocytic processes of importance in oligodendrocytes involve a number of Rab proteins including Rab5a, Rab5b, and Rab5c (Burcelin et al., 1997; Bouverat et al., 2000) . It should be noted that the levels of their expression increase with oligodendrocyte differentiation (Bouverat et al., 2000) .
In summary, our observations clearly indicate that rRab22b is involved in the regulation of membrane trafficking from trans Golgi compartments to endocytic compartments and further suggest that rRab22b participates in the formation of vesicles budding from the trans Golgi.
